Differential coding of hyperalgesia in the human brain: a functional MRI study.
Neuropathic pain can be both ongoing or stimulus-induced. Stimulus-induced pain, also known as hyperalgesia, can be differentiated into primary and secondary hyperalgesia. The former results from sensitization of peripheral nociceptive structures, the latter involves sensitization processes within the central nervous system (CNS). Hypersensitivity towards heat stimuli, i.e. thermal hyperalgesia, is a key feature of primary hyperalgesia, whereas secondary hyperalgesia is characterized by hypersensitivity towards mechanical (e.g. pin-prick) stimulation. Using functional magnetic resonance imaging (fMRI), we investigated if brain activation patterns associated with primary and secondary hyperalgesia might differ. Thermal and pin-prick hyperalgesia were induced on the left forearm in 12 healthy subjects by topical capsaicin (2.5%, 30 min) application. Equal pain intensities of both hyperalgesia types were applied during fMRI experiments, based on previous quantitative sensory testing. Simultaneously, subjects had to rate the unpleasantness of stimulus-related pain. Pin-prick hyperalgesia (i.e. subtraction of brain activations during pin-prick stimulation before and after capsaicin exposure) led to activations of primary and secondary somatosensory cortices (S1 and S2), associative-somatosensory cortices, insula and superior and inferior frontal cortices (SFC, IFC). Brain areas activated during thermal hyperalgesia (i.e. subtraction of brain activations during thermal stimulation before and after capsaicin exposure) were S1 and S2, insula, associative-somatosensory cortices, cingulate cortex (GC), SFC, middle frontal cortex (MFC) and IFC. When compared to pin-prick hyperalgesia, thermal hyperalgesia led to an increased activation of bilateral anterior insular cortices, MFC, GC (Brodmann area 24' and 32') and contralateral SFC and IFC, despite equal pain intensities. Interestingly, stronger activations of GC, contralateral MFC and anterior insula significantly correlated to higher ratings of the stimulus-related unpleasantness. We conclude that thermal and mechanical hyperalgesia produce substantially different brain activation patterns. This is linked to different psychophysical properties.